Dynamical theory of the X-ray diffraction on a crystal containing misfit boundary was applied to the interpretation of the contrast observed in X-ray topographs on 90° magnetic domain walls in single crystals of an Fe-Si alloy. The integrated intensities were computed for several cases corresponding to the actual conditions of experiments. Good agreement of theoretical and experimental results was obtained.
Introduction
X-ray diffraction contrast on magnetic domain structures arises as a consequence of magnetostriction. Greatest attention w r as paid to the interpretation of the contrast on domains in Fe-Si single crystals (e.g. [1 -6] ). A strong contrast appears on 90° domain walls due to an abrupt change of the magnetostrictive deformation. The diffracting conditions of the wave field propagating through the crystal vary across the domain wall and the intensities of the exit beams differ from those of the perfect crystal.
It was shown [1] that the contrast appears if (m2-mi)H=t= 0,
where mi and m-2 are unit vectors parallel to the direction of magnetization in the adjacent domains and H is the diffraction vector.
This result is consistent wdth the model of a 90° domain wall parallel to the (110) plane as a coherent twinning boundary [1, 4] . The planes of the zone mo -mi are not affected by the wall, whereas the orientation and/or interplanar spacing of the others change across the wall; this change depends on the value of the magnetostrictive constant Aioo-This model was directly verified by measurement on a double crystal spectrometer [7] .
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Diffraction contrast due to a (110) 90° domain wall w r as studied in more detail on single crystal plates parallel to the (001) plane using reflection on (110) planes normal to the wall [4] . The diffracting planes are tilted by an angle of 3Aioo across the wall, their interplanar distance remains constant. For taking the topographs, the sample was rotated by an angle up to 30° around the diffraction vector with respect to the usual vertical position. The w r alls, normal to the surface, appear then on the topographs as bands having a width equal to TQ sin a, a being the rotation angle. They are dark, i.e., the diffracted intensity is higher than that from the perfect crystal if the product (1) is positive, and light if this expression is negative. The diffracted intensity was calculated theoretically under simplified conditions and a qualitative agreement was achieved [4, 8] .
A further step was made by comparing the contrast in the diffracted and forward diffracted beams [9] . It was shown, that the wall image in the forward diffracted beam is always lighter than the perfect crystal. In contradistinction to the diffracted beam, the band forming the wall image is not symmetrical, but it is darker at the entrance surface and lighter at the exit surface, if (1) is >0 and vice versa. These experimental results agree with the theoretical considerations based on the simplified calculations.
The aim of this paper is to present the results of the exact calculations of the diffracted and forward diffracted intensities on the wall done for parameters corresponding to the actual experimental conditions and their comparison with experiments.
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Theory
A general dynamical theory of X-ray diffraction on a crystal containing a misfit boundary was developed in [10] actually not plane, but zigzaged [11, 12] , Following [12] , such a wall can be treated as a row of parallel quasi-twist disclination lines of alternating signs.
That means that the long range stresses from the adjacent wall junctions are rapidly screened. Possible effect of zigzags on the contrast will be discussed later.
The strain gradient d(Aft)jl is larger than 1 cm -1 ,
i.e. much larger than the ratio of the reflection width over the Pendellösung period ~ 10~2 cm -1 .
That means that, according to [13] , the conditions for the creation of new waves at the wall is fulfilled. Table 1 ). Both directions of polarization were taken into account. Numerical integration was carried out for -50 < r] <50 with precision better than 1%.
The integrated intensities were calculated also approximately using the wave with low anomalous absorption only. This procedure was applied in the previous work [8, 9] and was supposed to be a good approximation for z = 0.5 and juoT/cos #B >5. The same parameters as for exact calculation and the polarization factor C = 1 were used. For the forward diffracted intensity the following formula was applied:
I>aa being the amplitude of the wave with the lowest anomalous absorption, and the absorption coefficients of the first and second crystal region, respectively.
From the calculated intensities the ratio was de-
where Ri[z, /uoT/cos 0) is the intensity of the perfect crystal. This quantity can be compared directly with the contrast observed on the topographs.
Experimental
Measurements of the contrast on 90° domain wall were carried out on two specimens prepared from an Fe-3 wt%Si single crystal grown by the floatingzone technique [14] . The bulk of the crystal was annealed for 50 hs at temperature ~ 30 °C below the melting point. Plates parallel to the (001) plane were cut, thinned by mechanical polishing and finally chemically polished to remove the surface damage. The final thickness of specimen A was To = 127 jj.m, that of specimen B was yo = 318 fi.m. The thicknesses of the samples were determined from the width of the wall image and from the number of the Pendellösung fringes appearing on low angle boundaries [15] with a precision of ~ 5 [i.m.
In order to record the forward diffracted beam without disturbing background from the transmitted short-wavelength radiation a double crystal arrangement had to be used. The integrated intensity was obtained by oscillation of the sample over the rocking curve during the exposure. The topograph taken in the diffracted beam was equivalent to that using the usual Lang method.
A double crystal spectrometer in nearly parallel (n, -m) setting was applied [16, 7] . As the first and second crystals, a perfect Germanium (symmetrical Bragg case, 220 reflection. d = 0.20003 nm) and the measured specimen (symmetrical Laue case, 110 reflection, d = 0.20242 nm) were used. The specimen was inclined around the H vector so that the angle between the surface and vertical direction was 30° (Figure 1) . The effective thickness of the specimen is To sin a. Three different wavelengths were used for experiments (AgKa, MoKa, CoKa) to vary the fi0T, Q> and br\ values (see Table 1 ). The crystal was oscillated over the range of 37 and 100 sees of arc for MoKa, AgKa and CoKa radiations respectively.
sample topograph Fig. 1 . Projection of the domain wall in the topograph. 2 = 0 and 2=1 correspond to the exit and entrance surfaces, respectively. The topographs of diffracted and forward diffracted beams were recorded on Ilford L4 Nuclear emulsion plates. Special care w r as taken to use a linear part of the optical density vs. intensity curve of the plates only. For comparison, Lang transmission topographs of both samples were taken as well. The optical density of the images of the domain walls was measured on microdensitometer using 5 effective slit width and 10 [im steps. The contrast P was determined as a ratio of the density on the wall image over the density of the perfect crystal.
Results and Discussion
The contrast on domain walls was calculated and measured for two samples and three wavelengths. The six cases thus give a fairly large variety of diffraction conditions (see Table 1 , 2). The theoretical results for sample A, CoKa radiation, i.e. medium absorption are shown in Fig. 2 , the corresponding topographs are in Figure 3 . The contrast values from the measured densities are marked as points in Figure 2 . The diffracted intensity for dr] > 0 is higher than that of the perfect crystal with even darker margins at both surfaces (Fig. 2a) ; that for <5*7 <0 is lower (Figure 2 b) . The forward diffracted intensity has the same value in the middle (2 = 0.5) for both signs of dr], it is however not symmetrical with respect to the surfaces. In Fig. 2c the period 1 detectable even in the middle of the wall image. That means that with the absorption used, the waves d^ß and d^ still contribute to the intensity and cause interferences. The approximately calculated contrast Paa does not, naturally, show any oscillations nor is it continuous at the surfaces. Its main course agrees with that exactly calculated, the absolute values differ very little for the diffracted beam in the middle of the image and is slightly higher for the forward diffracted beam. The interferences are not visible in the topographs: they are too dense to be resolved (~2.4 jxm) and superimposed by the image of zigzags [11] , slightly visible also in the originals of double crystal topographs.
The second, high absorption case (sample B, MoKa radiation, Fig. 4-6 ) reveals the same main features with minor differences. The contrast P is less than one even for diffracted beam, <5rj > 0, except for sharp dark margins. The oscillations appearing at the margins result from interferences of the dux and dßa waves near the entrance surface and rfaa and d%ß waves near the exit surface. Their period equals approximately
as estimated in [10] (see Table 1 and Figure 6 ). only the interferences in lower absorption cases are affected. Therefore, for the dependence of the contrast on dr) the approximation Paa can be used ( Figure 7) . This, however, determines only the contrast in the middle of the wall and cannot inform us of the course over the image width, particularly at the margins.
The experimental values of contrast obtained from double crystal and Lang topographs for the diffracted beam and from double crystal topographs for the forward diffracted beam are in the last columns of Tables 2 and 3 respectively. The experimental values are systematically somewhat higher than the theoretical contrast. The reason for this can be as follows:
1. The wall is not plane, but zigzagged. From the considerations based on calculations of strains due to the zigzags [12] no conclusions can be made about the contrast even in a qualitative way. It seems, however, from the observation of Lang topographs that the zigzags may enhance the diffracted intensity.
2. The crystal is not perfect. The irregularly distributed dislocations (mean density ~ 10 2 cm -2 ) lower the intensity due to their dynamical images (see Figures 3, 5) . It follows that the intensity determined from the density measured outside the domain walls is lower than that of the perfect crystal and the experimental contrast is higher. The presence of defects is also the most probable reason of the spread of the measured contrast values.
3. The course of the measured contrast over the wall is flattened due to the relatively low resolving power of the densitometer (5-10 fxm) with respect to the width of the w r all image, especially in the case of sample A.
4. Errors may have arised from not exact knowledge of the sample thicknesses and the tilt angle a.
Conclusions
1. Dynamical theory of diffraction on a crystal containing misfit boundary explains satisfactorily the contrast observed on 90° magnetic domain walls in single crystals of Fe-Si alloys. The exact calculations of intensity verify the previous approximate results and give new details.
2. The diffracted intensity for dr] > 0 is higher or lower than that of the perfect crystal, depending on the magnitude of dr] and absorption. It is always higher near the intersections of the domain wall with the surfaces. For dr] <C 0, the diffracted intensity is lower than that of the perfect crystal. The w r all image is symmetrical with respect to the surfaces.
3. The forward diffracted intensity is lower than that of the perfect crystal for the middle of the plate irrespective of the sign of drj and asymmetrical with respect to the surfaces. It is higher near the entrance surface for dr]>0 and vice versa. 4 . Oscillations of the curve of contrast vs. depth below the surface appear as a result of wave interference even in high absorption case, at least near the surfaces.
5.
The intensity calculated from the waves with low anomalous absorption only is a good approximation for the middle of the plate and high absorption cases.
6. Experimentally determined contrast fits well with the theoretical curve regarding both the shape and the absolute values. Somewhat higher experimental values can be explained by defects (zigzags, dislocations).
